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Before we start…

Difference between targeted and probabilistic 
monitoring design

Targeted Design
use fixed (targeted) stations, focus on describing 
localized impacts, and assessing compliance with 
regulatory guidelines or limits.

Probabilistic Design
draw sampling stations at random from an area or 
region, broader regional assessments of overall 
ambient condition
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San Diego Hydrologic Units

-4,000 sq. miles
- small, but pollution 
pressure is on!
-Population size: 2 Mio. 
in 2004 (3 Mio. by 
2030)
-2,000 active 
construction permits
-1,000 industrial 
permits
- over 100/year 401s 
applications received



San Diego Hydrologic Units and Land Use

(SWAMP synthesis report, SCCWRP 2008)

- 23% urban 
- 9% agriculture
- 68% open

SDI



Climate and Precipitation

(Mazor 2008)

Mild climate with 
average (65 °F)
Dry period:
late April – mid 
October
Wet period:
mid October – late 
April
Average rainfall:
less than 9 inches
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Introduction into SWAMP

SWAMP: Surface Water Ambient Monitoring Program
Started in 2000, required by State Legislature
Funding: $8 Million ($4.2 Million federal funding, $3.0 
Million State funding)
9 Regional Coordinators + SWAMP unit at State Board
SWAMP monitoring is split up into statewide and regional 
programs

Mission: 
“The SWAMP mission is to provide resource managers, 
decision makers, and the public with timely, high-quality 

information to evaluate the condition of all waters 
throughout California”
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Statewide SWAMP Monitoring

There are 4 large statewide projects:
1. Perennial Stream Assessment (PSA)
2. Reference Conditions Management Plan (RCMP)
3. Stream Pollution Trend Monitoring (SPoT) 
4. Bioaccumulation in Sport Fish (Lakes Study)



Outline

1. Background on the San Diego region
2. Introduction into SWAMP
3. Statewide SWAMP monitoring
4. San Diego region’s SWAMP monitoring 

a. past projects: 2001-2008 
b. current projects: 2009-2010 
c. future projects: 2011-

5. San Diego region’s SWAMP leveraged monitoring
6. Availability of data, assessments, and reports
7. Use of San Diego region’s SWAMP data

GOAL:  Inform stakeholders on SWAMP monitoring 
activities in the San Diego region 



Monitoring in the San Diego Region

1. SDRWQCB*-directed monitoring programs 
- conducted by the SDRWQCB or for the SDRWQCB by 
consultants 
- funding from the SDRWQCB (lab contracts and SWAMP) 
- ∼$350,000

2. SDRWQCB*-required programs 
- required by permits (NPDES, 401 water quality certifications, 
TMDL, etc.) 
- funding through permit holders 
- ∼

 
several Million $$

*SDRWQCB=San Diego Regional Water Quality Control Board
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Rotational Watershed Monitoring

targeted design, 2-3 watersheds/year, 2-4 sites per 
watershed, 2 dry and 2 wet sampling events
Parameters:
- conventional water chemistry (nutrients, pesticides, 
metals, polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs)
- toxicity (water and sediment)
- bioassessment (benthic macroinvertebrates, incl. 
physical habitat)
- tissue samples (at some sites)
Results were summarized in watershed reports (one for 
each watershed), and a synthesis report prepared by 
Southern California Coastal Water Research Project

GOAL: Assessment of ecological health of streams in San 
Diego region watersheds



Samples that are Exceeding Thresholds

(Mazor & Schiff 2008)

Number of samples



Water and Sediment Toxicity 

(Mazor & Schiff 2008)

acute 
toxicity

chronic
toxicity

Number of samples

acute 
toxicity

acute 
toxicity
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Ecological Health

(Mazor & Schiff 2008)



Conclusions from 
Rotational Watershed Monitoring

Most sites within the San Diego region were in poor 
condition based on multiple lines of evidence
- 50% of all water samples exceeded one or more 
aquatic life thresholds
- Persistent water or sediment toxicity
- 80% of bioassessment samples were in poor or 
very poor condition
Results show strong correlations of benthic 
macroinvertebrates to toxic contaminants in the water 
column (e.g. trace metals or organic contaminants), 
and eutrophication (nutrients and low dissolved 
oxygen)



Recommendations from 
Rotational Watershed Monitoring

SWAMP monitoring should integrate with other 
monitoring programs in the region
Use probabilistic design for monitoring
Identify set of indicators (e.g. bioassessment 
including algae)
Infrastructure needed to support collaborative 
programs (information management)



Recommendations from 
Rotational Watershed Monitoring

SWAMP monitoring should integrate with other 
monitoring programs in the region
→ participation in a regional bioassessment study, 
SWAMP $$ for improved watershed coordination
Use probabilistic design for monitoring
→ design of probabilistic bioassessment study
Identify set of indicators (e.g. bioassessment 
including algae)
→ focus on bioassessment including algae
Infrastructure needed to support collaborative 
programs (information management)
→ Regional Data Portal
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Bioassessment Studies 2007 and 2008

Targeted design
2007: Sampling at reference sites in the San Diego 
region (11 sites)
2008: Sampling at targeted sites throughout the San 
Diego region (25 sites)
Parameters:
- bioassessment incl. physical habitat (benthic 
macroinvertebrates and algae)
- conventional water chemistry and caffeine

Goal: Long-term trend of ecological health
at reference and impaired sites 



Ecological Health
On Reference Sites

in 2007

Good conditions

Fair conditions



Ecological Health at Reference Sites over 
Time
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Ecological Health, 2008 Sampling
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Ecological Health Over Time
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Preliminary Conclusions and further 
Work from the Bioassessment Studies

Preliminary Conclusions
Reference sites still in fair or good conditions!
75% of the sample locations with urban or agriculture 
land use are in poor or very poor conditions

Further Work
More trend analysis over the last 10 years for IBI scores
More analysis of algae data and caffeine data
Report on 2007 and 2008 data will be finalized 
by the end of 2010
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GOAL: Assessment of ecological health of streams in San 
Diego region watersheds

SMC = Stormwater Monitoring Coalition (“SMC study”)
Probabilistic design, 5 years, 24 sites per year stratified 
across land use (open, urban, agriculture)
southern California-wide study
Parameters:
- bioassessment incl. physical habitat (benthic 
macroinvertebrates and algae)
- California Rapid Assessment Method (CRAM)
- water chemistry (nutrients, metals, pyrethroids)
- water toxicity
Funding: 2/3 of the sites is funded by San Diego municipal 
stormwater dischargers, 1/3 is funded by SWAMP

Regional Bioassessment Study



Total Copper

Highest 
concentrations in 
urban areas:
Santa Monica, 
Los Angeles, 
Santa Clara



Physical Habitat

Altered 
channels near 
coast and 
inland urban 
areas

(Mazor  2010)



Macroalgal Cover

High 
macroalgae 
cover found 
throughout 
the region

(Mazor  2010)



Data Analysis and Future Sampling for 
SMC Study

Data analysis and report will be finalized by the 
end of 2010.
Compare data from targeted bioassessment 
(2001-2006) to probabilistic bioassessment 
(ongoing)

2010 sampling conducted at 47 sites in the San 
Diego region
Additional constituents this year:
- sediment chemistry (pyrethroids and metals) at a 
subset of sites in the San Diego region
- sediment PBDEs (flame retardant) at all SMC 
sites in the San Diego region
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SWAMP Monitoring 2010 and 2011
Improved Watershed Monitoring Coordination in 
the San Diego River watershed
Goal: develop and implement an integrated and 
cost-effective monitoring and assessment 
program in the San Diego region
Pilot Study on Contaminants of Emerging 
Concern (CEC) 
Goal: occurrence and extent of CEC in the San 
Diego region
- targeted design, streams and lakes/reservoirs
- Pharmaceuticals and Personal Care Products 
(PPCPs)
- flame retardants (polybrominated diphenyl 
ethers, PBDEs)
- cyanobacteria and microcystin
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Freshwater Wetlands Monitoring

Freshwater wetlands
Probabilistic design; sampling will start in 2011, 
collaboration with the Southern California Coastal 
Water Research Project and EPA
Possible indicators:
- California and National Rapid Assessment 
Methods (CRAM and RAM)
- plants
- sediment toxicity 
- water chemistry
- bioassessment

Goal: Ambient Assessment of Ecological Health of 
Freshwater Wetlands



San Diego Region SWAMP future
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SWAMP leveraged projects
Postfire Study
GOAL: Assessment of impacts on the ecological 
health of streams after wildfires in the San Diego 
region
- Sampling after the 2003 and 2007 wildfires in San 
Diego
- 25 sites in 2003 (baseline data), 2004, 2005, 2007, 
2008, and 2009
- sites in non-burned areas, partially burned areas, 
and fully burned areas
- bioassessment and conventional water chemistry

→Report on Postfire Study in December 2010, 
prepared by the California Department of Fish and 
Game



SWAMP leveraged projects
Coastal Wetlands Eutrophication Study
GOAL: extent and occurrence of eutrophication in 
coastal wetlands in the San Diego region 
- part of the Bight ’08
- sampling conducted between October 2008 and 
October 2009
- 14 coastal wetlands in the San Diego region 
- dissolved oxygen, primary producers, nutrients, 
harmful algal blooms

→Report on Wetlands Eutrophication Study in 
December 2011
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Availability of data, assessments, and reports
Statewide projects: 
http://waterboards.ca.gov/water_issues/programs/swamp/

Regional projects:
http://waterboards.ca.gov/sandiego/water_issues/programs/swamp/

- background on R9 SWAMP monitoring
- information on monitoring strategy, monitoring plans, and QAPPs
- watershed reports
COMING SOON:
- Fact sheets (2 pages)
- Bioassessment report 2007/08
- Caffeine report
- 2009 SMC report
- Postfire report
- Eutrophication report
- Regional Data Portal online

http://waterboards.ca.gov/water_issues/programs/swamp/


EcoLayers Software Platform

• Entirely web and services based architecture.

• For integrated, collaborative and adaptive management of the 
water cycle. 

• Across water bodies, jurisdictions and regulatory/stewardship 
programs

• One web “portal” per individual stakeholder to meet its own 
needs. 

• A network of portals for collaboration between inter-dependent 
stakeholders



EcoLayers: Defining the New Paradigm

47

Resources + Cost Constraints => Smarter, Integrated Strategies
Integrated Strategies => More Sustainable Solutions



Stakeholder-level: Information aggregation, access,  visualization and analysis

Stakeholder-level: Optimize stakeholder objectives

Multiple Stakeholders: Information sharing,  integration & collaboration

Governance: Contractual, partner-as-you-go, coalition, JPA or other form

Integrate Public
Participation

Copyright © 2009 EcoLayers, Inc. 

WaterWiki®

Google-based Public Portal 
• Public outreach
• Public input
• On-line tools
• Community building

Inter-dependent Stakeholders: Meeting Shared Goals
Watershed, Regional, Water Body (aquifer), or Regulation (TMDL)

Stakeholder-dedicated Portal  



San Diego Data Portal Overview: Content
• Spatial

Region 9 boundary
San Diego County boundary
Hydrologic Units 901 to 911 boundaries
Hydrologic and HAS boundaries in each hydrologic unit
Rivers in San Diego County
Lakes in San Diego County
303(d) impaired waters – Streams and water bodies
Land use – San Diego County East for San Diego River Watershed only
Parcels East – for San Diego River Watershed
Rain contours

• Data
SWAMP 
Stormwater: Dry weather, wet weather, bioassessment, Coastal Storm Drain
401 Projects
CIWIQS data: CONSTW, INDSTW, NON15, NPDES, etc.
USGS sites: Stream, lakes and groundwater sites
303(d) data: Streams and Water bodies
NGOs: RiverWatch and Stream Team data

• Other
Links to other websites
Data from other websites (real-time, other)
Geospatially referenced user inputs
Documents, photos, etc.



Portal Overview: Potential Uses

• Access to primary information 
• Search, visualize and interpret data in context of the user’s problem
• Education, outreach and research
• Improve and lower cost of watershed-level monitoring
• Feedback and permit comments to Waterboard
• Identify sources of pollution
• Assess effectiveness of regulatory programs
• Information sharing and collaboration
• Integrated watershed management with stakeholder participation
• Permit application and compliance 



Portal Overview: Many Data Sets
A Comprehensive Collection of Water Quality Data 



User Customizes Map & Data Sets

Dry Weather Sites, pH > 9.5 

303(d) Listed Streams, Nutrients

Ag Facilities 

SWAMP Sites, pH > 9.5 



Rich Reporting & Visualization



Rich Reporting & Visualization



Rich Reporting & Visualization



How is the SDRWQ Portal Different?

• Portal content, its ownership and its use all stakeholder driven
• Emphasis is on content integration, usability, decision support, 

customizable user experiences, permission-based sharing
• Affordable and easy to use by all
• Portal part of a network-based, decentralized architecture (Web 3.0) 
• Supports public participation (two-way)
• Can be replicated at stakeholder, group (e.g., TMDL), watershed or 

regional levels to meet diverse needs
• Adaptive to changes in stakeholder needs and the ecosystem



Future Plans

• Enhanced decision support tools
• Regional integration with stakeholder or other dedicated portals, e.g., 

wastewater
• Operations economically self-sustaining through value delivered to 

stakeholders
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Use of San Diego region’s SWAMP data
Strategic Planning and Management Decisions (e.g. Tijuana 
River watershed; Orange County Stormwater Permit)
Ecological health assessments
303d listings and 305b report

→With (1) better monitoring (new programs) and (2) better 
accessibility of data (through data portal) and (3) better 
communication (fact sheets  and reports), there will be a 
better use of SWAMP data and a better understanding of 
conditions of the San Diego region waters

Monitoring of ambient waters will answer the 
question if the water quality programs (regulatory 

and non-regulatory) work!



THANK YOU!

Any comments, suggestions, or questions, 
please contact:

Lilian Busse

858-736-7332
or

lbusse@waterboards.ca.gov
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